Process of cutting the expanded polystyrene blocks into plates is done by using resistance wires heated to about 430K. The amount of cut plates depends on the number of parallel wires mounted on a frame which is moved lengthwise to the block. Damage to only one of the wires eliminates a further cutting process, what affects on increasing the costs of production. In this work the research was undertaken to improvement the efficiency of the wires exploitation by extending their working time. For this aim wires made from Kanthal alloy were selected and covered by Al, Si and Al+Si nanolayers deposited by PVD method. Using the SEM and TEM methods, a comparative study of the surface and structure of wires with deposited nanolayers was performed, avoiding coating process. The presence of numerous defects in the intergranular surface zone of wires was revealed, what may affect on their strength and durability. It was also found that the presence of Al+Si nanolayers influenced on the prolongation of working time of wires, what can reduce production costs.
I. INTRODUCTION
of macrodefects inside as well as on the surface of the wire (and its density) greatly contribute to the deterioration of the electrical, mechanical and anticorrosion properties. Especially in the case of thin string (less than 0.05mm) the density and size of defects is particularly important due to the operating temperature (approx. 160°C) and stress necessary to maintain the straightness of the cut. The local defect density is a major cause of the wires overheating and burnout in these places. A further negative factor is the environment of the cutting zone where, depending on the block seasoning, small amounts of pentane and styrene exude as well as water vapor residing after the process of forming the block [2] . The presence of oxygen from the environment, the friction between the string and the molten material in the feed block, the longitudinal and transverse stress in the string foster the process of erosion and corrosion. Previous practice shows that the mainly wires made of alloys based on Ni-Cr are applicable by EPS manufacturers. In some cases, these wires are covered with thin layers of Cu, in order to increase corrosion resistance [3] . It is difficult to find data in the literature on the critical evaluation of the Common solution in cutting blocks of expanded polystyrene (EPS) to the plates is usage of resistant wires that are heated to 160°C by an energy current. These wires are strained on a framework forming the harp-like strings structure. The distance between the strings and the frame size define the thickness and number of plates obtained in single block cutting [1] . Breaking only one string necessitates stop the cutting process, removal of partially cut block portion and recycle the broken string. Assuming that the average cutting capacity is 20 blocks per hour, and by the excessive consumption of wire is up to 15 blocks at a time, the consequence is a decline in the cutting efficiency of 30%. It should be noted that the failurefree cutting process is operated by just one person, while the high-failure process requires at least two people for handle it.
To minimize the surface wetting of the wire in the contact zone with the molten polystyrene there are used wires with diameters of from 0.05 to 0.5 mm (depending on the strength). In this case, the heterogeneity of the material and the presence wires quality, their preferences for blocks cutting and reliability. There are only few studies on corrosion processes [4, 5, 6] .
On the basis of past experience with FeCrAl alloys that are characterized by a strong passivity resulting from the formation of easy nanolayer on the surface of alumina, studies to modify Kanthal-D alloy wire were undertaken. The modification consists of Al and Si thin films depositing on the wire surface in an oxidizing environment which will naturally convert them to the oxide layers. Their task is to reduce the oxidation-corrosive environments accessibility to the wire core. For this purpose a one of layer deposition methods was used-PVD (Plasma Vacuum Deposition).
II. EXPERIMENTAL
The research object was a Kanthal-D (Sandvik) ferritic wire which is used by TERMEX Ltd. for cutting EPS blocks into elements with defined shapes. The composition of major alloying elements was: Cr 20,9% wt ; Al 4,8% wt ; Si 0,22% wt ; other <1% wt . The research has shown [6, 8] that oxide layer can be prepared on the FeCrAl alloys by a high-temperature oxidation. This is the Al 2 O 3 amorphous nanolayer from which alumina crystals grow out. In this guise, the system is integrated with the metal substrate providing its cover. When on the wire surface an additional Al layer is deposited, then under the influence of temperature a diffusion of Al atoms occurs from metal core to the surface. Under conditions favoring the oxidation process, a much thicker oxide layer forms which is built with atoms from the Al alloy, as well as from the deposited additional layer. By selecting its thickness we are able to adjust the thickness of the protective layer of Al 2 O 3 which protects the wire core against corrosive environment.
The wire, besides being resistant to corrosion external factors, should also possess the resistance to frictional wear that occurs during cutting EPS blocks. The complexity of the polystyrene polymer backbone and different degrees of purity of the used (recycled) raw material affect the friction which arises during the block sliding crosswise the wire. Therefore, Si was added to the deposited Al layers, forming in Al 2 O 3 layer a strengthening and improving resisntance to frictional wear.
Thermal imaging camera (IR camera) was used to measure the temperature of the wire. The temperature of the wire was controlled by changing the voltage at DC power supply. The measurements were carried out in obscured room. Vacuum device Magnetin K01, equipped with two DC magnetrons, was used for vapor deposition [7] . Polycrystalline silicon and aluminum plates were used as a magnetron cathodes. This solution enables the deposition of Al layers and Si layers with a small addition of Al. In case of Si layer deposition, the gas discharge was supported by Al target magnetron working at low power (0.03 -0.05 kW). In case of Al+Si layer, the Al magnetron's power was nearly three times higher than Si one's. Magnetrons working conditions during sputtering targets and vapor deposition are summarized in Table 1 . Wire was attached to the carousel holder. At first, the chamber was emptied of the atmosphere, then argon was introduced and kept at steady pressure. The wire surface examination was performed using scanning electron microscope JEOL JSM 5500LV. Transmission electron microscopy (TEM) Philips CM20 TWIN (equipped with EDX spectrometer) and scanning transmission electron microscope (STEM) TECNAI FEG Super TWIN (200 kV) (with high-resolution transmission electron microscopy imaging) were used for wire core and Al-Si nanolayers examination. The specimen sample in the form of thin films were prepared using Quanta 3D device equipped with Omniprobe manipulator. Prior to thinning the wire sample were spray coated with a carbon on arc discharge in vacuum to contrast the edge layer.
III. RESULTS AND DISCUSSION

Wire temperature distribution
Chosen results of wire temperature measurements in specific spots are listed in Table 2 . Summary of the temperature distribution in these spots in the voltage range 5-11V and the distribution of the maximum temperature obtained by the wire during the experiment are presented in Fig. 1 .
The wire was supplied by DC power in range 10-22W. The voltage has been changing by 0.1V. The measurements were carried out at 1m distance between the IR camera and the samples, in obscured room, at 17°C with 50% relative humidity. The distance between points T1 and T2 was 1 meter.
Thermal imaging studies showed that the wire obtained the higher temperature at the central spot (point T2) and lower temperatures in the end spots (points T1 and T3) for all power conditions. These differences amounted to 30-40°C avg. for lower temperatures grown to 90-130 ° C for higher temperatures. The measurements also showed that the highest temperature of the wire differ about 5-20° C from the temperature recorded at the point T2.
The reason is probably the heat removal through the clamps supplying current. Apart from this, the results that were obtained for small voltage increases showed a significant difference of about 15°C (as shown in the example measurements of the temperature in the T3 (Fig. 1 ). Similar differences that were recorded at the measuring point T1 denote high local heterogeneity in the electrical properties of the wires probably due to the varying structure of the alloy and surface defects. These places, at steady conditions of power supply voltage, are more prone to earlier erosion and corrosion wear due to the increased temperature. These areas should be expected more polystyrene melt during the block cutting. 
Surfaces of the unmodified and AI-Si layers deposited wires
The results of microscopic observation of the wire surfaces with unmodified and Al-Si layers covered are provided in Figure 2 . Observations were carried out on randomly selected specimens. The comparison shows that deposition masks only slightly macrodefects of the wire surface. Deep furrows, which are characteristic for unmodified surface (Fig. 2a) were made partially shallow -most effectively by Al+Si layer (Fig. 2d) . This is the effect of total power and performance of Si and Al targets sputtering.
Unmodified wire surface layer structure in TEM/ STEM and EDS examinations
The observation results of the internal wire sample structure is given in Fig. 3 , and the surface elemental distribution (mapping) at this point is given in figure 4 . The spot of typical surface defect which is forming during wire drawing is shown also.
The comparison shows that in the defected sites (around the grains and in deeper interstices) aluminum and oxygen accumulation occurred which may form Al2O3. Slight chromium exudation was also recorded. This is due to the phenomena which occur in the process of drawing or rolling the material, and which is the result of exceeding the yield stress. This leads to permanent deformation, which in extreme cases lead to discontinuity of the material. In case of forming the wires, the greatest extent it occurs in the outer area as a result of the greatest movement of the material there. Hence, from the side of wire surface, there are visible largest effects of the deformation of the grain structure, the formation of rolls, and sometimes disposition of the material. Deformation states are accompanied by an increase of surface activity, which favors the processes of diffusion and chemical reactions in atmospheric environment (oxidation). 
TEM/STEM and EDS examinations of Al layer covered wire
The observation results of the internal wire structure with the deposited Al layer is given in Fig. 5 Distribution of the elements along the marked line for the sample fragment is given in Fig. 6 and the surface elemental distribution (mapping) is given in figure 7. There are nanointerstices to a depth of the order of the alloy grain size in the structure of the subsurface part of the wire adjacent the Al layer. The interstices are extending upwardly toward the amorphous layer (Fig. 5a ). Gap vent has been closed up with deposited Al layer. According to Fi. 5b, it is composed of a crystalline layer with a thickness of about 100 nm adjacent directly to the metal substrate, an amorphous nanolayer and a further outer crystalline layer with a thickness of about 200 nm. In both crystalline layers there are intergranular nanointerstices (marked with white arrows). Grains in these layers have a column structure.
Microanalysis along the line (Fig. 6a) shows the composition disorder during Al layer growth in the middle part which is indicated by reduction of the Al signal value (Fig. 6b) and appearing the oxygen signal. This indicates the presence of the Al 2 O 3 layer, which was formed during the process. In contrast, very small signal of Al and the presence of a signal from the oxygen at the surface of the wire indicate a natural aluminum oxide formed over a long period in a natural way by the surrounding atmosphere. Mapping performed at this location (Fig. 7) shows that the marking oxygen line and reduction of Al signal could confirm the presence of formed oxide nanolayer.
TEM/STEM and EDS examinations of Al+Si layer covered wire
The observation results of the internal wire structure with the deposited Al+Si layer is given in Fig. 8 Distribution of the elements along the marked line for the sample fragment is given in Fig. 9 and the surface elemental distribution (mapping) is given in figure 10 . Fig. 8a shows a cross-sectional view of defected spot by tearing off a piece of grain and pressing it into the intergranular structure. There is also a part of grain merged as a result of rolling process (white arrows) peculiar to wire. At the place of a defect there was an abnormal growth of Al+Si layer and its continuity interruption. This happened due to the gaps presence in the oxide layer on the boundary of two grains. Si+Al layer adheres well to the substrate in the oxide-free part. A gap occurred, which has been closed up as the layer grown. There are also visible gaps between the grains and on the grain boundary under the deposited Al+Si layer (bright fields) full filled with oxides and two fragments of oxide layers.
The Al+Si layer is separated from the metal substrate by an amorphous oxide nanolayer, which was formed in a natural way as a result of passivation in atmospheric environment (Fig. 8b) . Al+Si layer is made from the narrow columns consisting of strongly defected grains. A crystal growth orientation is changing in the middle part of the layer. As shown by the analysis along the line and the mapping (Fig. 9a,   b) , there was the Al content decrease in this place. However, the corresponding slight oxygen signal may indicate that this is an Al 2 O 3 layer, which is the result of a very short oxidation act of Al from deposited Al+Si layer. There was also a change of crystal orientation growth and, consequently, of the columnar grains probably due to unbalanced stresses between oxide nanolayer and Al+Si layer. According to Si distribution, there was no influce of the disturbance on the even distribution of this element in the entire layer. 
Figure 10
Performed mapping at spot presented in Fig. 8b. graph (Fig. 13) is associated with higher oxygen signal (Fig. 12b) . It's related to the existence of natural oxide layer covering the wire before the deposition process. The Al presence in entire layer volume arises from the technological process. The Al target magnetron worked at very low performance setting during the operation of the Si target magnetron in order to support the glow discharge. 
Preliminary assessment of the modified wires suitability
Preliminary studies have shown that the lifetime of the Al+Si layers modified wires increased avg. by 15% in comparison to unmodified wires. It can
TEM/STEM and EDS examinations of Si layer covered wire
The observation results of the internal wire structure with the deposited Si layer is given in Fig. 11 Distribution of the elements along the marked line for the sample fragment is given in Fig. 12 and the surface elemental distribution (mapping) is given in figure 13 .
Randomly performed cross-section through the a wire coated with a silicon coating exposed deeply located intergranular gaps facing the interior of the core (Fig. 11) . Revealed defect, like as in previous cases, is a consequence of rolling chip formed during the wire drawing. The existing oxide layer under the grains doesn't fulfilled the space entirely (closed pores are present). The shredded grains provides a 'bridge' that allows to accrete of Si layer in a continuous manner. Cross-section through the layer shows that it was growing from the substrate side forming a converted cone column structure (Fig. 11b) . There is an outlined area of grain density in the part adhering to the metal. Its formation can be explained by the mechanism of nucleation and gradual crystal growth until the formation of the column structure. Microanalysis taken along the line (Fig. 12a,  b) shows that signals strength of Si and Al close by the alloy surface are pretty similar. The lower Al concentration in that area on the elements distribution be assumed that in the case of an industrial production it translates into the ability of cutting 2 more blocks in relation to 5-6 blocks cut now by a set of installed wires. Preliminary studies carried out for wires covered only by a layer of Al and oxidized naturally did not give a direct information on the increase in cutting efficiency. There has been reported only a greater efficiency relative to the wires coated with Si coatings. Supposedly, it can be assumed that this could happened due to lack of appropriately thick oxide layer from the metal substrate side formed with Al atoms both of the substrate and deposited Al coating. Comparing to the Al+Si composite coating, the Si coating may not be sufficiently strongly bonded to the substrate and thereby cracks and peels as a result of tensile stress.
IV. CONCLUSIONS
4.1
The central part of the wire has much higher temperature than the end ones. The average differences amount to 30-40°C for lower temperatures (200°C) and raised to 90-130°C for higher temperatures (600°C), Notwithstanding this fact, there are spots on the wire with even higher temperature (avg. 5-20°C). The large non-linearity of the temperature changes by slight voltage increase (0,1 V) denotes the high heterogeneity of electrical properties and presence of places especially prone to rapid erosion-corrosion destruction.
4.2
Wires have surface structure defects which are caused during forming process. They result in grains grinding and intergranular fractures forming, partially or completely filled with oxides. There is also naturally occurring alumina on its surface (as a nanometer layer).
4.3
Layer deposition leads to partial masking of surface defects, wherein the size of these defects will affect the continuity of layers growth disorder.
4.4
There is a boundary at Al+Si nanolayers which determines a grain growth orientation change. Grains characterize with diversified orientation column structure that was interrupted by formed amorphous layer.
4.5
Si layers crystallize in the form of elongated grains with inverted cone configuration in regard to the substrate. They are consistent and form a continuous coating that masks the wire surface defects. Trace amounts of dispersed aluminum in the nanolayers is the result of Al target magnetron simultaneous operation. Its co-operation is necessary for ionic argon discharge enhancement.
4.6
Assessing the coherence and the consistency of these three types of deposited nanolayers, we could assume that they will provide a good protection barrier for the wire core against erosion and corrosion processes. Further oxidation of these barriers would even increase the protective effectiveness. Preliminary studies have shown that the modification of wires coated Al + Si improves their performances in terms of EPS blocks cutting.
